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 and  are commuting elds and could be regarded as
\bosons" in 2-dimensional Euclidean space. They have








(z)(0) = O(1) ; (z)(0) = O(1) :
(3)
In general, a conformal invariant system may have more
than one conserved energy-momentum tensor. To give
the conformal dimensions, h

= 3=2 and h

=  1=2,
respectively, as required by the BRST quantization pro-




(z) =: [@(z)](z) :  
3
2
: @[(z)(z)] :; (4)
so the central charge of the theory is c

= 11.
Though (z) and (z) are bosonic, they need to be fur-
ther \bosonized" in order to conveniently construct the
vertex operators of ghost ground states[8]. By bosoniza-
tion it is meant that these elds are re-expressed as op-
erator exponentials of other boson elds. In the FMS
scheme[5], the bosonization was realized in terms of a
holomorphic scalar (z) and a pair of anti-commutating








These \bosons" form two separate 2-dimensional CFTs.
In the  CFT, the fundamental OPE is (z)(0)    ln z






: [@(z)][@(z)] :  @
2
(z): (6)
(z) and (z) are decoupled from  and form an anti-
commutating CFT[8]. The fundamental OPEs of the 








@(z)@(0) = O(z) ; (z)(0) = O(z);
(7)
and the energy-momentum tensor is
T

(z) =  (z)@(z): (8)
As a result, the \bosonic ghosts" (z) and (z) have con-
formal dimensions h

= 1 and h












To construct fermion vertex operators of the open
states in the R sectors, the FMS bosonization of the 
CFT is only useful when the full vertex operators form a
spinor of the Lorentz group SO(1; 9). In Type II super-
strings, open string states arise along with the appear-
ance of BPS D-branes. In these theories, open strings
obey Neumann boundary conditions in directions par-
allel to the D-brane's worldvolume while Dirichlet con-
ditions in directions perpendicular to the worldvolume.
The open string fermion vertex operators are generally
spinors of the Lorentz group SO(1; p) with p  9. For
p < 9, the FMS scheme fails. As mentioned above, the
conformal dimension of vertex operators based upon the
FMS bosonization does not equal to one in general. Tech-
nically, the failure is due to the fact that the number
of independent free bosons in FMS bosonization is too
small and there are no adjustable parameters to satisfy
the h = 1 requirement.
We now propose an alternative bosonization scheme
for the  CFT. Instead of one free holomorphic boson,










































(z) and (z) are same as those in the FMS bosonization,
which obey the OPEs in Eq. (7) and have the energy-




(z) (i = 1; 2),
which are decoupled from the  CFT and independent






















































to be be determined. Similar





















































Their sum should reproduce the central charge c

= 11.















To reproduce the correct conformal dimensions of (z)






















This completes our bosonization proposal.
Super-conformal Ghost Current. For completeness, we
re-express the super-conformal ghost current J

(z) =:



















This can be easily checked by calculating the OPE of





+ : (0)(0) : +O(z) : (18)




















(0) ] g+ O(z) :
(19)
The equivalence between Eqs.(18) and (19) ensures the
validity of Eq.(17). The super-conformal ghost current
is actually equivalent to a special algebraic sum of   
momentumcurrents. For a consistent check, we calculate













This is just what to be expected, the ghost numbers of 
and  are 1 and  1, respectively.
Vertex Operators for Massless Open String States.
Now we are ready to construct the vertex operators for
massless open string states in intersecting D-brane sce-
narios. For concreteness, we consider open strings con-
necting two 2-branes which were described above Eq.(1).
The D-brane conguration preserves part of the space-
time supersymmetries in open string sectors. The vertex










































































(0) = O(z) ; (z)
NS
gh












































for the vertex operators of the ghost ground states. For
 = 0; 1=
p




2, the full ver-
tex operators do have the required conformal dimen-
sion of one. As expected, the fermion vertex opera-
tors V
F
(z) in Eq. (22) form a spinor of the Lorentz
group SO(1; 5). GSO projections can be implemented
by imposing mutual locality of the vertex operators[4, 8].
This is automatically satised by vertex operators in Eq.







= 1=2. Taking into account the physical
state condition s
0
= 1=2, we have the following vertex






















































+b(z)c(z)[ @c(z) ] +
3
4




c(z) [ @(z) ] (z)  
3
4
c(z)(z) [ @(z) ]
 b(z)
2
(z) g : (27)








perconformal partner. The physical states form a BRST
cohomology class,
QjPhys >= 0 ; (28)







(z) ] = 0: (29)






(z)j > is a
physical state as well. V
B;F
(z) dened in this letter do
indeed satisfy all conditions as required.
It should pointed out that our construction is quite
general and can be extended (at least to cases where
there are some unbroken supersymmetries in open string
sectors). For illustration, we present the results for the
supersymmetric \n = 3" case in the sense of [4], where D-





. The vertex operators for massless open string states
are found to be
V
B

































in the NS sector and
V
F





















































in the R sector. The condition h = 1 for these full vertex




























+ 1 ] : (32)
These vertex operators commute with the BRST charge.
Furthermore, the fermion vertex operators form a spinor
of the Lorentz group SO(1; 3). GSO projections can be
carried out by imposing mutual locality of these vertex
operators.
In conclusion, we have constructed a new set of vertex
operators for supersymmetric open string states obeying
general boundary conditions. The prescription relies on
an alternative bosonization of the  CFT, in which four
independent holomorphic free bosons have been used,
apart from the conventional anti-commutating  ghosts.
The new bosonization extends to the fundamental OPEs,
the energy-momentum tensor, the super-conformal ghost
current, and thus all correlation functions. Although the
new scheme looks slightly complicated, it is very powerful
and provides suÆcient rooms for accommodating the re-
quirements to construct reliable vertex operators for open
string states. The procedure can be readily extended to
non-supersymmetric cases[10].
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